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Abstract 
Carbon Capture and Storage (CCS) is a potential stepping stone to maintaining energy security while reducing the carbon 
footprint of Australia’s energy sources. CCS, which involves capturing carbon dioxide that would otherwise be emitted to the 
atmosphere and injecting it to be stored in deep geological formations, is the only technology available to make deep cuts in 
greenhouse gas emissions while still using fossil fuels and much of today’s energy infrastructure. At a State level, the Western 
Australian Greenhouse Strategy incorporates CCS and is helping to address the need for a long-term commitment to climate 
change and cleaner energy. 
    
The Government of Western Australia Department of Mines and Petroleum (DMP) commenced investigating a site near large 
CO2 emission sources (the industrial centres of Kwinana and Collie in South-West Western Australia) in 2007 and developed the 
South West Hub (SW Hub) project concept in 2009 with the support of local industrial partners in the form of a Joint Venture 
(JV). The project was designated an “Australian Flagship” project in 2011 and has received substantial funding and support from 
the Australian Federal Government, the Western Australia (WA) State Government and industry.  
 
The project has concurrently considered the various aspects required for an industrial scale development.  The DMP has launched 
the technical investigations required to build confidence in the site and in parallel moved to amend the WA State Petroleum and 
Geothermal Legislation to include onshore geological storage of greenhouse gases. This is expected to pass in 2014-15, following 
which acreage release can occur. The ongoing and planned technical and exploration well drilling work is thus classified under 
 
 
* Corresponding author. Tel.: +61-8-93855941 
E-mail address: sharmass@bigpond.com 
 
 Sandeep Sharma et al. /  Energy Procedia  63 ( 2014 )  6096 – 6105 6097
the pre-competitive data acquisition phase and will allow the regulators to have comprehensive data packages to support 
tenement releases for CCS in the future. Community engagement has been given great importance, a formal strategy developed, 
workshops held and a “Carbon-Kids” program launched in local schools.   
 
New geological data has been gathered through targeted 2D seismic lines and a deep exploration well. Technical uncertainties 
have been catalogued and the next phase of pre-competitive data acquisition is now under planning with 3D seismic (recently 
acquired) and several wells targeted at reducing these uncertainties. This will increase confidence in the storage concept and the 
fundamental performance factors of capacity, injectivity and especially containment as the area does not appear to have a large 
regional seal. Geological studies have indicated that the Lesueur Sandstone can potentially store between 200-260 Mt of CO2 
over 40 years with residual trapping being the principal containment mechanism. Very significant technical work has supported 
this development through a range of research projects launched under the auspices of the Australian National Low Emissions 
Coal Research and Development program (ANLEC R&D).  
 
The DMP is managing the SW Hub project in a stage-gated way with each investment phase progressing only when sufficient 
technical confidence justifies doing so. Industry, through a joint venture (JV), is aligning the capture programs of the industrial 
partners with feasibility studies and possible pipeline routes so that a comprehensive project work program can be tabled to 
acquire property rights under the new legislation. 
 
The SW Hub Project has faced (and continues to face) numerous technical, organisational, community and financial challenges. 
In overcoming these, a rich base of experience has been created. There are currently no CO2 storage projects (research, pilot or 
industrial) worldwide that focus on residual trapping mechanisms for primary containment and the SW Hub Project will 
potentially allow many more sites to be considered for storage as it develops and shares its research.   
 
The paper will elaborate on the importance of good processes, long term planning, extensive stakeholder management supported 
by a robust technical program as a viable blue-print for developing a green-field industrial scale CCS project. 
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1. Introduction 
The Western Australian (WA) Greenhouse Strategy [1] incorporates the technology of carbon capture and 
storage (CCS) and recognises its potential for greenhouse gas abatement. Accordingly the WA State Government 
Department of Mines and Petroleum (DMP) developed a strategy to identify suitable areas for storage within its 
jurisdiction. Several desk top studies were performed and an atlas representing the potential of various basins 
produced [2]. 
Very rarely, if ever, should desk-top studies result in the identification of a single candidate – this would be grounds 
for statistical concern. For a site to “qualify” for a major development, numerous sub-elements of the site (geo-
technical, economic, commercial, environmental, social and political) must all work. Each of these is subject to risk 
and uncertainty which need to be further reduced. Therefore, in order to provide for maximum confidence in getting 
at least one site to a final investment decision (FID), early site maturation needs to budget for a number of possibly 
concurrent (for reasons of schedule) new-data acquisition campaigns for a few potential sites. In accordance with 
this philosophy, the DMP has initiated a broad exploration program targeting several sedimentary basins and are 
proceeding to acquire seismic and drill stratigraphic holes in the southern Perth, Eucla and Canning Basins.  
The region from Kwinana through to Collie in the south west of Western Australia is one of Australia’s major 
industrial areas generating billions of dollars of domestic and export revenue. The area is also one of the major CO2 
producing regions in Australia. The proximity of the southern Perth Basin to the emission sites and the initial 
analysis regarding the potential for long term storage in the Lesueur Sandstone have led to the development of this 
program. In accordance with the recommendation of the studies, the effort is focused on reducing uncertainties 
through obtaining new data in the Lesueur Sandstone. This is a sub-set of the broader DMP exploration effort and 
has broad industry support from the coal miners, coal user industries and alumina refining companies in the area.    
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The area of interest for the SW Hub project stretches from Kwinana in the north to Bunbury in the south and Collie 
in the east. It has the major concentration of heavy industry in Kwinana, Kemerton, the coal-alumina based 
industrial region of Collie and two of the world’s largest alumina refineries at Pinjarra and Wagerup.  
 
 
Figure 1: Location map of the Area of Interest (Government of Western Australia Department of Mines and Petroleum, 2012a). 
Key stakeholders are the Australian Government’s Department of Industry (formerly Department of Resources 
Energy and Tourism); the DMP; industry through a partnership between Synergy, Alcoa Australia; Griffin Energy 
Development, Premier Coal and Perdaman Chemicals; and the local community in the south west of WA. 
2. The geological setting provides a unique opportunity 
The stratigraphic sequence of the southern and central Perth Basin largely comprises continental deposits of Permian 
to Cretaceous age. Much of the sequence is associated with the tectonics of the region during this period from 
infilling and intracontinental rifting to the breakup of Gondwana. Sedimentation in the Perth Basin began in the Late 
Carboniferous or Early Permian as a result of north-trending regional rifting. This was followed by the full scale 
rifting of Greater India from Australia and activation of the dominant structural feature of the north-south striking 
Darling Fault until the Early Cretaceous. The Perth Basin has since been subjected to several extensional and 
compressional events [3]. 
 
The period from the Middle Triassic to Early Jurassic is represented by two key formations: the Middle to Late 
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Triassic Lesueur Sandstone and the Early Jurassic Eneabba Formation. The Lesueur Sandstone is thick ( around 
2,200 m in well Harvey 1) and can be differentiated into the Yalgorup (Upper Lesueur) and Wonnerup (Lower 
Lesueur) Members in the south and central Perth Basin only. The Yalgorup Member comprises sandstone with 
subordinate interbeds of finer clastic sediments (mostly siltstone) up to 20 m thick, but it is often difficult to 
determine the top of the member from the overlying formations using wireline log correlations. The Wonnerup 
Member is more feldspathic, poorly sorted, coarse and consolidated sandstone, and it conformably overlies the 
Sabina Sandstone. This fining-up transition, amongst other support, suggests a fluvial environment of deposition [3].   
 
 
Figure 2: The stratigraphy of the Lesueur in the area of interest (Government of Western Australia Department of Mines and Petroleum, 2012a).  
The area of interest was identified as having a unique structure compared to the rest of Southern Perth Basin [4]. In 
the area of interest, the formations were lifted and the major Yarragadee aquifer and the Catamarra Coal Measures 
have been eroded out as shown in the figure above. The combined thickness of the upper and lower Lesueur 
Sandstone members is in excess of 2 km. They are considered to be sufficiently deep to promote residual trapping 
counterbalancing the relatively poor reservoir and seal qualities of these two formations.The depositional 
environment leads to the expectation that the percolation path of CO2 induced by buoyancy would be convoluted, 
and that a potentially large pore space could be encountered. 
 
Thus, the Lesueur Sandstone in the area of interest provided a promising opportunity to test the residual trapping 
concept for three key reasons; a suitable structure; a thick reservoir/containment zone above the injection point and 
the absence of any significant conflict with other resources.   
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3. Developing the SW Hub Project  
The SW Hub has from the very onset envisioned containment primarily through dissolution and resolution trapping 
mechanisms in the saline Lesueur Sandstone as there is no proven regional overlying shale layer acting as a 
conventional seal. The initial studies were encouraging and identified several data gaps to improve understanding of 
the region [4][5]. Thus, new data had to be acquired from the Lesueur Sandstone, aimed at providing answers to key 
technical questions, which at a high level can be stated as: 
 
1. Injectivity and capacity: is there likely to be a reservoir of sufficient quality and extent for storage that can 
satisfy the project CO2 storage profile? 
2. Containment: is the reservoir storage complex likely to be able to retain the injected volumes?    
3. Containment – migration: is there sufficient knowledge of the basin configuration and structural elements to 
understand how the plume could migrate and become trapped? 
In line with good project management practices, the data acquisition program has been designed in phases. Each 
phase involves  targeted  data gathering plans to address technical gaps and the decision making is stage-gated such 
that, only on increased confidence of success and no show stoppers being identified, would the project move to the 
next phase. 
Under Phase 1, new 2D seismic data acquired  and a data well (Harvey 1) was drilled to provide critical information 
on the geology and reservoir characteristics. This has provided the confidence to proceed to Phase 2 of the drilling 
and seismic program aimed at answering the above three questions. The Phase 2 program has been broken into two 
parts; Phase 2a and Phase 2b. Under Phase 2a, 3D seismic data has been acquired over a 115 km2 area and several 
wells are planned to focus on the containment questions, explore the reservoir properties and dynamic reservoir 
behaviour. Key residual trapping parameters will be refined through laboratory work on cores and, along with 
pumping test data, will be used to constrain static and dynamic reservoir models.  Phase 2a will see the completion 
of DMP’s direct involvement as manger of the pre-competitive data acquisition program.  
 
Decision 
Gate 
Acquisition 
Phase 
Tasks Outcomes Sought 
DG0 
Completed  
- Desktop studies, Funding 
Applications 
Stakeholder Group Formation  
Confidence to proceed with a data acquisition 
program at the site. This has been achieved. 
DG1 
Completed 
Phase 1  2D Seismic and Harvey 1 data 
well 
Reduction in key uncertainties defined through 
desktop work and no show stoppers identified 
to preclude proceeding to the next phase 
DG2 
In 
Progress 
Phase 2a 
2014-15 
 
 
 
Phase 2b 
2016+ 
3D Seismic 
Additional wells to appraise 
the site. Production tests to 
understanding hydraulic 
connectivity and reservoir 
boundary effects.   
Additional well (s) for 
appraisal as required and 
limited volume trial injection 
programs with CO2.   
Continue to build technical confidence in the 
area as a storage site.        
Confidence to allow transition from a pre-
competitive DMP led initiative to an industry 
JV following an updated set of reservoir models 
and risk assessment. 
Technical confidence in the trapping 
mechanisms in the Lesueur Sandstone to accept 
and contain CO2 volumes at injection rates 
compatible with the future SW Hub capture 
streams.     
Figure 3: SW Hub Project Phases, Decision Gates, Tasks and Outcomes. 
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Under Phase 2b, CO2 injection tests will likely be carried out and additional deep wells may be drilled to monitor 
plume behaviour and validate the hypothesis behind the trapping mechanisms. 
 
4. Technical workflows, modeling results and forward work program 
Under Phase 1 of the program, using new data from the 2D seismic lines and  stratigraphic well Harvey 1 , the 
Lesueur Sandstone’s potential for storage was reassessed. The goal of this work was to update static and dynamic 
models and to assess how the understanding of the area and the subsurface behaviour of injected CO2 may have 
changed.  
Two parallel work-streams were launched. Project activities were performed through a commercial arrangement 
using oil field workflows and techniques. In addition, through collaboration with Australian National Low 
Emissions Coal R&D (ANLEC R&D), a set of research projects were launched to consider alternative approaches 
and delve deeper into certain domains.  
 
Figure 4 defines the workflow leading to the ultimate objective of reaffirming (or disputing) the initially determined 
suitability of the Lesueur Sandstone for storage and guiding the next phase of the acquisition program. The R&D 
program included detailed core evaluation, facies mapping, sequence stratigraphy and rock mechanics analyses [6].   
 
 
 
Figure 4: SW Hub Project geo-technical workflow.   
 
The work performed under the detailed modelling update [7] supports the SW Hub Project storage concept of 
dissolution and residual trapping as the primary containment mechanism.  
 
The storage complex has been defined as consisting of the lower Lesueur Sandstone (injection reservoir and primary 
containment area), the upper Lesueur Sandstone as the lower confining layer and the Eneabba Formation - including 
the basal Eneabba shale - as the upper confining layer. Models support injection and storage of 200+ million tonnes 
of CO2 over 40 years in the Lesueur Sandstone by using multiple vertical injectors in the lower Wonnerup Member.  
The free CO2 dissipates while migrating within the storage complex with a very small proportion reaching the lower 
confining layer as indicated in scenario S1 shown in Figure 5.  Multiple scenarios with variants of the property field, 
fault transmissibility multipliers, and boundary conditions show the robustness of the concept.    
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Figure 5: The injected volume remains within the lower confining layer 250 years post injection in Scenario S1.  
Notwithstanding that under the current assumptions the site can accept the target volumes at the required rates, high 
uncertainty in hydraulic connectivity between reservoirs, property distributions (permeability in particular) and 
compartmentalisation remain and form the basis for Phase 2 of the data acquisition program.  
 
The objective of this Phase 2 program is to develop technical confidence in the Lesueur Sandstone for storage 
addressing the remaining uncertainties, particularly those related to containment and injectivity. The first is related 
to the Eneabba and upper Lesueur Sandstone and their ability to support secondary containment for the 
Project.  This would enhance the containment case and allow defining the upper Lesueur Sandstone and the Eneabba 
formations together as the secondary confining zone for the storage complex. The current modelling shows that in 
most cases the plume remains in the Wonnerup Member (lower Lesueur Sandstone) itself.  However in some cases a 
small amount of the injected CO2 does reach the top of the Yalgorup Member (upper Lesueur Sandstone). The 
model results are biased by the distribution of the geobodies which are uncertain as they are constrained only by 
Harvey 1 and the 2D seismic data. Meeting this objective requires developing a better understanding of the upper 
Lesueur Sandstone, its interface with the lower Lesueur Sandstone and the Eneabba formations. The reservoir 
quality and compartmentalization of the Wonnerup Member to support injection will depend on the digenetic 
reservoir trends and the fault structures. Injection potential within the Yalgorup Member needs to be investigated 
once the properties of the aquitards and the sand bodies are better understood. 
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The high level elements of the work plan in the second acquisition campaign should include: 
 
x 3D seismic data in the area of interest. This has been defined and the acquisition completed in April 2014. 
x Additional wells to delineate the reservoir and reduce uncertainties. The containment potential of the upper 
Lesuer and the Eneabba Formations can be addressed through a couple of relatively shallow wells in relative 
proximity of Harvey 1 or elsewhere in the area of interest, drilled 50-100m into the top of the Wonnerup 
Member. The objective would be to get the core data in the Eneabba, Yalgorup and the upper part of the 
Wonnerup Members and perform intra and inter well tests across the potential sealing layers.   
x A shallow well east of the major eastern fault to better understand the correlations and throw across the fault.  
This is also of interest to the Geological Survey of WA (GSWA) as part of their Perth Basin mapping program. 
x 1-2 deeper oil field style wells to address reservoir quality and support future test injections.   
 
 
 
 
Figure 6: Depth structure map (from the 3D Seismic interpretation) at the Wonnerup Member level showing the target well areas.     
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5. Stakeholder Engagement   
A detailed stakeholder engagement and communications plan targeting the stakeholders has been developed. This 
plan is regularly updated and addresses the key issues related to potential concerns and perceptions regarding CCS 
as a viable technology. The suggested consultation structure is based on the use of parallel consultative processes 
maximising direct communication backed by information to the wider community.  Detailed technical data, such as 
the Harvey 1 completion report, is also available through the Western Australian Petroleum Information System 
(WAPIMS), a DMP managed data base of geological information. A key principle is that any news is communicated 
to the community directly through the Project and before the community has a chance to hear of the same through 
other sources. Trust is to be built by local presence, consistent messages, providing relevant information through 
multiple means (without creating an overload), listening to the feedback provided, being accessible and dealing with 
any issues quickly, with transparency. In accordance with the above strategy several community workshops have 
been run to improve awareness of the CCS program and to identify additional issues.  During these project activities 
and forward plans have been discussed. A  Stakeholder Consultative Group has also been formed with members 
coming from the project, relevant land owners, Local Government representatives and other interested parties.  The 
DMP is also a sponsor of a school children focused educational program conducted by the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) Education (‘CarbonKids‘). CarbonKids is a national 
education initiative for schools and their communities to understand the science of climate change. It aims to build a 
strong and informed school and community base with a clear understanding of the range of renewable and low 
emission technologies that reduce carbon pollution and opportunities created by the move to a clean energy future, 
by demonstrating actual activity in their local region that is helping to build a clean energy future.   
 
The recent 3D seismic acquisition program involved over 70 landowners and 120 different tenure sites. Its success 
validates the ongoing consultative approach. 
 
6. Legislation 
The injection and permanent storage of greenhouse gases in underground geological formations is currently not 
regulated in Western Australia other than for the Gorgon Greenhouse Gas Storage Project which is regulated via the 
Barrow Island Act 2003 State Agreement.   
The Petroleum and Geothermal Energy Legislation Amendment Bill, 2013 is being considered by the State 
Parliament to amend the Petroleum and Geothermal Energy Resources Act 1967 for onshore geological storage of 
greenhouse gases (mainly carbon-dioxide). The Bill will provide property rights for greenhouse gas storage 
formations, acreage release provisions, exploration, retention and injection licences and address injection site 
closure and long-term liability issues. The Bill also amends the Petroleum Pipelines Act 1969 to provide for the 
transport of greenhouse gas substances via pipelines.  
When passed, this Bill will provide the framework to enable the South West Hub and other onshore carbon capture 
and storage projects to proceed with legal certainty. 
 
In the interim the activities of the SW Hub project are being pursued by the DMP under various State instruments. 
The Harvey 1 well was drilled by the Geological Survey of Western Australia (GSWA) under Section 115 of the 
Mining Act 1978, and the 3D seismic survey was conducted under the same section of the Act, which authorises the 
Director of the GSWA to undertake “geological, geophysical or geochemical surveys”. It is expected that the future 
data wells will also be drilled by the DMP under similar permit conditions. 
 
7. Concluding comments  
The SW Hub Project proponents have a high degree of confidence in the project and are proceeding to acquire new 
data to demonstrate feasibility of the concept. The Project has several unique attributes and thus the ability to add 
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considerably to the variability within the worldwide portfolio of CCS projects. In Australia, the reservoir 
characteristics of the Gippsland Basin, the onshore Otway Basin and the Surat Basin, the focus areas for Flagship 
and other CCS projects, are more conventional high permeability saline aquifers. The SW Hub offers the potential 
of demonstrating storage in a medium to low permeability (100 mD or so) reservoir with primary containment 
through dissolution and residual trapping. Success here will potentially open up areas around the world, several of 
which may have been prematurely screened out due to the absence of a perceived traditional seal in the form of a 
regional shale. 
 
Strong process and governance structures have allowed the project activities to progress safely with 
community/stakeholder support without any significant budgetary impacts. Planning for the new wells is underway 
and these will be drilled in the period 2014-15.  
 
The area of interest is relatively unencumbered with very limited, if any overlaps with other resources. This together 
with proximity to the industrial hubs of Kwinana, Kemerton and Collie, will aid in establishing commerciality once 
the national/international position on greenhouse gas mitigation becomes clear.  
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